Malnutrition, poor health, hunger, and even starvation are still the world's greatest challenges. Malnutrition is defined as deficiency of nutrition due to not ingesting the proper amounts of nutrients by simply not eating enough food and/or by consuming nutrient-poor food in respect to the daily nutritional requirements. Moreover, malnutrition and disease are closely associated and incidences of such diet-related diseases increase particularly in low-and middle-income states. While foods of animal origin are often unaffordable to low-income families, various neglected crops can offer an alternative source of micronutrients, vitamins, as well as health-promoting secondary plant metabolites. Therefore, agricultural and horticultural research should develop strategies not only to produce more food, but also to improve access to more nutritious food. In this context, one promising approach is to promote biodiversity in the dietary pattern of low-income people by getting access to nutritional as well as affordable food and providing recommendations for food selection and preparation. Worldwide, a multitude of various plant species are assigned to be consumed as grains, vegetables, and fruits, but only a limited number of these species are used as commercial cash crops. Consequently, numerous neglected and underutilized species offer the potential to diversify not only the human diet, but also increase food production levels, and, thus, enable more sustainable and resilient agro-and horti-food systems. To exploit the potential of neglected plant (NP) species, coordinated approaches on the local, regional, and international level have to be integrated that consequently demand the involvement of numerous multi-stakeholders. Thus, the objective of the present review is to evaluate whether NP species are important as "Future Food" for improving the nutritional status of humans as well as increasing resilience of agro-and horti-food systems.
Introduction
Malnutrition, poor health, hunger, and even starvation are still the world's greatest challenges. Currently, the Food and Agriculture Organization of the United Nations (FAO; J.G. Da Silva, 2014) estimates that around 800 million people still suffer from food and nutrition insecurity, particularly in underprivileged population groups. According to the World Food Program (www. wfp.org/hunger/stats), poor nutrition causes nearly half (45%) of deaths in children under five, which accounts for about 3.1 million children each year. Worldwide, at least 120 million women in less developed countries are underweight (Bl€ ossner et al., 2005) . In addition, the Micronutrient Initiative reported that malnutrition reduced physical and mental development during childhood and weakened health and productivity of two billion people worldwide (Triantaphylides et al., 2009) . In this context, malnutrition is defined as deficiency of nutrition due to not ingesting the proper amounts of nutrients by simply not eating enough food and/or by consuming nutrient-poor food in respect to the daily nutritional requirements (Bl€ ossner and de Onis, 2005) . Consequently, the Sustainable Development Goals of the 2030 Agenda for Sustainable Development adopted by the United Nations in September 2015 (https://sustaina bledevelopment.un.org/) still aims at having zero hunger as one of the Sustainable Development Goals by abolishing hunger and malnutrition (https://sustainabledevelop ment.un.org/sdg2).
Malnutrition and disease are closely associated since malnutrition can be a contributing cause for diseases such as iron deficiency and anemia, iodine deficiency and mental impairments, as well as vitamin A deficiency and blindness (Ransom et al., 2003) . Moreover, in recent years in developing countries, there has been a dramatic increase of chronic diseases including cancer, cardiovascular diseases, and diabetes as a cause of malnutrition based on unbalanced diet (e.g. http://www.afro.who.int/en/mediacentre/world-health-day/2016.html). This worrisome development serves to highlight that new food strategies combined with health and nutrition educational programs have to be initiated to better manage this interrelated food problem of malnutrition and disease.
Incidences of increase in these diet-related diseases are particularly high in low-and middle-income states (Yang et al., 2009) . While foods of animal origin are often unaffordable to low-income households, various neglected crops can offer an alternative source of micronutrients, vitamins, as well as health-promoting secondary plant metabolites. Mainstreaming these crops into local food systems will therefore help in alleviating malnutrition, especially prevalent in rural communities, where farming is the main source of food and income.
Therefore, agricultural and horticultural research should develop strategies not only to produce more food, but also to improve access to more nutritious food. One promising approach is to promote biodiversity in the dietary pattern of these people. Development of products that are acceptable to the local people is one way of enhancing consumption of nutritious food and of boosting access to nutrition. It is important to note that diets are different all over the world and recommendations for food selection and preparation have to be matched with the local population's eating and cooking behavior.
Worldwide, a multitude of various plant species are assigned to be consumed as grains, vegetables, and fruits, but only a limited number are used as commercial cash crops. Consequently, numerous neglected and underutilized species offer the potential to diversify not only the human diet, but also increase food production levels, and, thus, enable more sustainable and resilient agro-and horti-food systems. Introducing these orphan species would increase the opportunity to produce nutrient-rich food as well as simultaneously enhancing the environmental capacity for future generations to supply themselves. Most of these neglected plants (NPs) have a comparative advantage in marginal lands, where they have been naturally selected to withstand stress conditions and can therefore contribute to low-input sustainable production systems (Thompson et al., 2007) . Considering the current trends in weather alterations due to climate change and the vulnerability of agriculture and horticulture to these alterations, diversity in genetic resources will promote resilience of the agricultural and horticultural systems, as well as buffer social and economic shocks that might arise due to concentrating on fewer crops.
Thus, the objective of the present review is to evaluate whether NPs are important as "Future Food" for improving the nutritional status of humans as well as enhancing resilience of agro-and horti-food systems. To this end, this review will address the following three key questions:
1. Which potentials of NPs exist in different continents? 2. What are the benefits and barriers of establishing NPs along the food supply chain? 3. Which strategies could be used to bring NPs out of their niche role?
Methods
The results and discussion of the review are based on a workshop at the Potsdam Summer School of International attended the workshop representing a broad spectrum of experts from science and industry ranging from plant physiology, horticulture, food science, and human nutrition to food technology. Moreover, a balanced mixture of early-stage researchers and senior scientists was in attendance. By using the World Caf e Method, the three abovementioned questions were debated in six simultaneously running roundtable discussion groups each comprising five to six participants and one or two moderators. Afterwards, the results were presented by the moderators. For the first round and question, the participants could choose a continent of their interest. Consequently, three tables discussed on Africa, two on Asia, and one on North and South America. For the second round, the participants were randomly selected, put in groups of five to six and worked on different steps of the food value chain, i.e. resources, production, storage, processing, trade and retail, and consumer. During the third round, strategies for bringing NPs out of their niche role were discussed for the following three areas of action: information and communication, technology, and trade and regulatory barriers. Two tables per area with randomly selected participants, put in groups of five to six, were allocated.
Potential of neglected plants in different continents
About 80000 plant species are used for food and fiber as well as industrial and medical purposes (Kermali et al., 1997) . The number of edible plant species reported in the literature varies; however, about 10000 appears to be a realistic number (Kunkel, 1984; Wiersema et al., 1999) . To date, however, only four main crops, namely maize, potato, rice, and wheat, supply more than 60% of the human's energy intake (FAO, 2010) . The drastic increase of the world's population in the last two centuries has driven up the need for food and increased food demand. This pressure initiated the distinct intensification in agriculture and horticulture practices and accelerated the loss in crop diversity. More recently, it has become clear that lack of diversity due to concentrating on fewer crops can have negative consequences for the human diet, which may cause malnutrition and diet-related diseases (Nakhauka, 2009 ). Since NPs are generally rich in nutrients and health-promoting compounds with preventive effects against malnutrition and some chronic diseases, they have a huge potential in improving nutrition and health in indigenous communities in many parts of the world. Therefore, diversifying the food chain to include these neglected species could be an effective tool to improve overall human nutrition and health. Thus, NPs are characterized not only by local importance; they also might have the potential to improve diet diversity on a more supraregional level.
Asia
The plant genetic resources in Asia accommodate a broad biodiversity as the Asian climate region comprising cool, temperate, and tropical regions. In China alone, over 400 families, 3100 genera, and about 30000 species are known (Chen et al., 2001) . Thus, an enormous diversity of plant species exists in this region (Larkcom et al., 2007) , but their potential is currently not fully exploited. Arora (2014) lists 778 underutilized species in the Asian-Pacific region, including 261 fruits, 213 vegetables, 55 root/tuber types, 34 nuts, 28 pseudo cereals and millets, 14 grain legumes/pulses, 25 industrial crops, and 148 others. During the Potsdam Summer School, certain species were named and discussed, of which bitter gourd, moringa, and ivy gourd were listed as NP by the biodiversity international organization in 2013 (Padulosi et al., 2013) . Especially, bitter gourd and ivy gourd are eaten because of their health-promoting actions (Table 1) . Moreover, there might be additional potential of other species in Asia not discussed during the Potsdam Summer School. Like all other NP, these species have a great potential and could provide new or additional foods rich in minerals and/or vitamins that would ultimately contribute to improving human health. For example, date palms, sweet potatoes, and lettuce are rich in carotenoids and serve as a source of pro-vitamin A as well as antioxidants (Table 1) . Date palms and bitter gourds can essentially contribute to iron uptake in plantbased diets. Finally, date palms and sweet potatoes are rich in dietary fibers (Arora, 2014) .
Even if seaweed is beyond the scope of the present review, it is worthwhile to note that it was mentioned as an interesting source for micronutrients, proteins, and fiber. Seaweed is regularly consumed in the Asian-Pacific region, has a huge biodiversity, complex composition, and broad range of nutritional and health beneficial compounds (examples are given in Cardozo et al., 2007; El Gamal, 2010) .
Africa
Addressing livelihood improvement options for rural communities in Africa requires also a broader focus on diet-relevant indigenous plant species. Of note is that Sub-Saharan Africa accounts for 9% of the global population and has high food and nutrition insecurity, which is partly due to a lack of crop diversification (Bekunda et al., 2010) . The African diet partly comprises many different food products, including leafy vegetables and other indigenous crops, which contribute to a healthy diet. Apart from playing an important role in the African diet, indigenous African crops, most of which are NPs, also contribute to the local economy, provide environmental issues, and are an integral part of traditional medicine as leaves of certain NPs are used both as a food and a medical source ( Table 2 ). Most of the plants used grow indigenously in the wild and/or are cultivated on a very small scale. Hence, production as well as availability is limited (Charles Aworh, 2015; Muhanji et al., 2011; Tumwet et al., 2014) .
To exploit the full potential of these indigenous NPs for human nutrition and health, we have to understand how the plants are used in different communities as well as to determine which substances contribute to the associated health benefits. The plants are known by different names and serve different purposes in different communities. For example, Gnetum africanum cultivars are called Okazi, Ukazi, or Afang in different parts of Nigeria, and the tough and slightly bitter leaves are used in soups or chewed with palm oil for medical purposes by the Efik people in Southeastern Nigeria (Ali et al., 2011; Ingram et al., 2012) . Another good example of the multi-facetted utilizations of NPs is Telfairia occidentalis leaves. These leaves are used as food as well as a medical ingredient in many parts of West and Central Africa. For food, the leaves are boiled or blanched and mixed with different spices and other vegetables, and the final spinach-like product is then served as a main dish. For medicine, it is used to prevent some diseases (e.g. diabetes and anemia) or to support pregnant women toward lactating (Esuoso et al., 1998; Oboh et al., 2006; Otitoju et al., 2014) .
North and South America
In the tropical regions of South America exist the most greatest plant diversity of any region today (Wilf et al., 2003) . NPs known from previous cultures of Incas, Aztecs, and native Indians still exist in both North and South America numerous. One impressive example of these native plants is the maca root (Lepidium meyenii).
Maca roots have been used by native Indians in Peru for nutritional and putative medicinal purposes. For the last 20 years, interest in maca has increased and scientific evidence has demonstrated that maca has nutritional, energizer, and fertility-enhancing properties (Gonzales, 2012) . During the Potsdam Summer School, moringa and quinoa were categorized as NPs in all continents. However, in the last years, moringa and quinoa have gained great attention due to their secondary plant metabolites in both the European market and concomitantly in the agricultural sector of South America. In addition to these now rather popular crops, several still neglected fruits and vegetables indigenous in North and South America were also discussed during the Potsdam Summer School (Table 3) . Arracach a was originally cultivated in the Andes and is still an important food in this region. The root is used as a culinary analog for potato, and can be roasted or boiled and is used in a broad range of dishes from starters to desserts (e.g. Arbizu et al., 1997; Lim, 2015) . Also, young stems are consumed in fresh salads or as boiled vegetable. The processed roots are used as a thickener for baby food formula and instant soups (http://cipotato.org/ roots-and-tubers/arracacha/). Arracach a roots should show intense amounts of calcium and iron, and especially yellow roots are a rich source of carotenoids (personal communication of Potsdam Summer School participants).
The cashew apple is a by-product of cashew nut production. Fresh fruits are directly offered at the local market or can be processed. The juice of the cashew apple is used for various kinds of beverages. In home processing, and more rarely for commercial purposes, the highly perishable apples are preserved within syrup in glass jars (http://mvinayraj.com/index.php/my-articles/218-trav ails-of-cashew-cultivators-and-industy-workers-in-srika kulam-a-focus-on-cash-apple-to-supplement-economy). Nowadays, some processes have been developed for converting the cashew apple into other products such as jam, syrup, chutney, and juice . Cashew apple juice is described as a remedy for sore throat and chronic diarrhea. Fresh or distilled, it is thought to act as a potent diuretic and should have sudorific properties (Talasila et al., 2015) . Cashew apple brandy is applied as an ointment to relieve the pain of rheumatism and neuralgia (Morton, 1987) and the apples themselves have antibacterial (Kubo et al., 1999) , antioxidant (R.A. da Silva et al., 2013; Melo Cavalcante et al., 2003) , anti-inflammatory, and wound-healing effects (da Silveira Vasconcelos et al., 2015) . Maca belongs to the Brassica species and is native to the high Andes of Peru. It is used as a root vegetable as well as a medicinal herb. Scientific evidence of the medicinal properties of maca is still lacking. A few clinical trials were analyzed in only one review, in which maca is promoted as a dietary supplement for several womens health issues including menopause symptoms . However, the clinical evidence and significance of these studies seems to be questionable. Maca has been promoted due to its assumed benefit for sexual performance as well as an aphrodisiac; for which there is also insufficient evidence . Maca is known to contain significant amounts of iodine and glucosinolates (Taylor, 2005) and iodine is important for thyroid metabolism and glucosinolates and their breakdown products have health-promoting effects on humans (Valentova et al., 2003) .
Nance or wild cherry is a large shrub or tree. The native distribution of the species is Central and South America and is limited to tropical and sub-tropical climates. The fruit can be eaten raw, cooked as dessert, or included in soups. Moreover, nance is also used for carbonated or fermented beverages known as chichi, a beerlike drink; a rum-like liquor is also produced from nance fruits (Orwa et al., 2009) . The bark and leaves are used for medicinal purpose to treat skin infections and gastrointestinal disorders, or a bark infusion is applied to halt diarrhea, to act as a bactericide, fungicide, or antipyretic, and to promote menstruation (Caceres et al., 1993; Caceres et al., 1991; Martinez-Vazquez et al., 1999) . Furthermore, leaf and bark aqueous extracts show depressant effects on the central nervous system (Morales Cifuentes et al., 2001) , and nance bark infusion is given as an antidote for snakebites (Bejar et al., 1993) .
Peach palm is actually a palm tree native to South and Central America and is a limited exported crop. The fruits of peach palm range in color from yellow to red, depending on the variety (Graefe et al., 2013) . The fruit has been in use for centuries in South America. In the palm peach producing countries, peach palm is known for a great range of health benefits due to its bioactive compounds (Espinosa-Pardo et al., 2014) . The palm can be useful in treating diabetes due to the low glycemic index (Jimenez et al., 2012) , preventing macular degeneration due to the high content of vitamin A (Yumbya et al., 2014) , and increasing the High-density lipoprotein cholesterol (Carvalho et al., 2013) .
Benefits and barriers of establishing neglected plants along the food supply chain
The world population is facing rapid urbanization, especially in Asia and Africa. At present, more than 50% of the world population resides in cities; even in less developed countries, a majority of people will be living in urban areas by at least 2017 as estimated by the United Nations (2010) . For the year 2050, a further increase in the urban population of up to 70% is predicted (United Nations, 2010) . This rapid urbanization and simultaneously growing world population are challenging food supply chains by (1) causing a loss in farming and arable (2) increasing the number of consumers and consumer demands.
Globally, smallholder farmers produce the majority of the world's food (www.bioversityinternational.org). Thus, biodiversity of plant species used for human food-as highlighted at least by the potential of NPs-is one decisive tool for ensuring food productivity, and, hence, food security not only for farmers, but also for the final consumer, regardless of the geographical location (Fanzo et al., 2013) . Mainstreaming the use of these NPs for human nutrition and health also means improving their production and linkages to value chains. However, popularizing the use of these NPs will provide more jobs, diversify income possibilities, as well as open new marketing options for the local community, commercial farmers, and the food industry.
In addition, leverage points within the entire food supply chain have to be identified (Figure 1) to promote adequate usage of NPs (www.cgiar.org/our-strategy/cgiar-researchprograms/cgiar-research-program-on-agriculture-for-nutri tion-and-health/). Such leverage points include resource endowment via production, storage, processing, and retail to the consumer's expectations (Schreiner et al., 2013) .
Resources and production
Among the first steps in creating a food supply chain for the delivery of a product to the market is the evaluation of existing resources. NPs are characterized by adaptation to the environmental conditions of their regions of origin. Scenarios of global climate change predict increasing limitation of water resources, especially in arid and semiarid regions. In these areas, reduced water availability is aggravated by the great seasonal and annual irregularity of precipitation leading to a further accentuation of the water shortage (Postel, 2006) . NPs often have a higher stress tolerance, which enables them to survive, e.g. longer drought periods. This higher stress tolerance offers an advantage compared to staple crops since NPs often only need the existing local cultivation resources to which they are already adapted. Furthermore, NPs could be more tolerant to extreme weather conditions as a consequence of climate change, and it might be possible to cultivate them in more marginal areas. Another important resource is the agricultural knowledge about the characteristics and cultivation methods of these underutilized plants. Local farmers have the traditional expertise on how to grow these indigenous plants under field conditions with less cost-intensive tools. Unfortunately, the literature available about NPs has very little consistently; in addition, NPs are scarcely addressed by research, conservation, and valorization activities. Providing this knowledge of local farmers to the international community is therefore of upmost importance to overcome our current lack of understanding. In the last few years, due to the rising attention in NPs, projects to record lists of NPs and acquire indigenous knowledge about their cultivation have been undertaken in several countries, e.g. an ethnobotanical study on underutilized plant species in the Shouf-Aley area of Lebanon (Noun, 2006) and the Bioversity International's African leafy vegetables program in Kenya (Gotor et al., 2010) . Due to the limited research on NPs, production conditions, such as water and nutrient regimes, are often not yet investigated for these plants and might be of interest if such plants should be marketed. Moreover, to promote the cultivation of NPs and save their biodiversity, the genetic resources must be conserved in situ through use in their region of origin as well as ex situ in the form of germplasm collections to supply farmers and researchers with, e.g. seed material. About 7.4 million accessions of plant genetic resources are retained in about 1750 individual gene banks worldwide and in over 2500 ex situ collections in botanical gardens. However, NPs remain underrepresented within these collections (FAO, 2010) , emphasizing the importance of in situ conservation at the present time. Another limiting resource is the availability of arable land. The growing world population, currently at 7.3 billion, but expected to increase to 9.7 billion by 2050 (United Nations, 2015), will lead to increased food demand and cause competition for land between people's housing needs and farm land as well as between staple crops and NPs.
Storage
NPs (mostly indigenous fruits and vegetables) are rich in nutrients, and thereby possess a high potential for improving nutrition and health in many areas around the world, especially in rural communities where the dependency on self-produced foods is very high. However, to benefit from the nutritive potential of these plants, they should be consumed while the nutritive quality is still preserved. Poor storage can lead to loss of nutritive quality. Therefore, storage is quite an important factor to the exploitation of the potential of these foods for nutrition and health of consumers. Fruits and vegetables are generally harvested with very high water contents of over 90%, thereby making them very perishable. After harvest, a significant proportion may perish because of poor handling and marketing conditions (Habwe et al., 2008) . Moreover, storage technologies for these foods are scarce in rural communities (Lenn e et al., 2010); even if they are available, they are either too complex or unaffordable for the rural farmers. Since NPs are generally produced by small-scale rural farmers, low storage capacity and the unavailability of adequate transportation means are therefore the main limitations to their marketing and consumption (Muchoki et al., 2007) . Under optimal storage conditions (temperatures close to 0 C and humidity of about 95%), leafy vegetables can be stored for between 10 and 14 days (Kanlayanarat, 2009) . Storing fruits and vegetables at such low temperatures helps maintain their quality and prolong shelf-life by reducing metabolism and aging. Therefore, soon after harvesting, fruits and vegetables need to be stored and transported under low temperatures to maintain freshness and nutritive quality. Due to the lack of cold storage facilities among other factors, food losses are estimated to reach 50% in many rural communities (Kitinoja et al., 2011) , where NPs are mainly produced. Subsistence/smallholder farmers lack the resources to use modern cold storage buildings and/ or refrigerated trucks for transportation, thus after harvesting their crops, simple storage methods, e.g. shading, are applied. Further, most public markets in these communities generally lack the appropriate storage facilities and cooling systems. Alternative low-cost technologies, such as on-farm evaporative coolers (Jain, 2007) , modified atmosphere packaging (Sivertsvik et al., 2002) , and use of insulated covers over product crates (Wheeler et al., 2015) , have been proposed to reduce losses in product quantity and quality. Small-scale farmers, however, lack the know-how to apply these techniques and/ or the financial resources to acquire them. With the help of agricultural extension services, which are available in many rural communities, along with financial support, some of these technologies can be applied to improve storability and prolong the shelf-life and supply of highquality NP foods to consumers.
Processing
The processing of NPs is mainly based on traditional recipes with lots of interregional and interfamily variations. As cooling is often not possible for smallholder farmers, processing can extend the shelf-life and, concomitantly, the marketability (e.g. convenient products) and availability of NPs for longer periods after harvest (Kumar et al., 2013; Mishra et al., 2015; Sreeramulu et al., 2013; Zerio-Egli et al., 2014) . Moreover, antinutritional ingredients can be reduced by processing, e.g. oxalic acid in leafy vegetables or cyanogen compounds in cassava roots (Betsche et al., 2005; Chergui et al., 2015) . The partly enhanced bioavailability of nutritious compounds, e.g. carotenoids, or the development of species-specific flavors have been shown to lead to an enhanced acceptability of processed NPs (Eriksen et al., 2016; Kinyuru et al., 2009; Reis et al., 2015; Rodriguez-Roque et al., 2016) . However, cooking and other thermal processing have to be tailored to the NP properties to avoid loss in healthpromoting substances such as pro-vitamins A and C (Berni et al., 2015; Martinez-Hernandez et al., 2016; Rodriguez-Roque et al., 2015) . Processing of NPs can be done at home, e.g. fermentation, or directly on markets as street kitchens. Finally, the increased use of NPs can ultimately improve the livelihoods of low-income families (Frank et al., 2015; Toledo et al., 2006) .
Smallholder farmers and housewives can use traditional processing practices for preparing a limited number of dishes for their families or street clients, whereas international markets require the processing of higher quantities under certain quality standards of various quality management systems such as the International Food Standard or GlobalG.A.P. Technological constraints are often linked to the nonmonitoring of processing parameters, which can be unpractical under habitual home or market conditions. Thus, innovative, simple, and affordable technologies must be developed particularly for NP products (Frank & Nelly, 2015; Oladele, 2011) .
Trade and retail
Innovative market approaches include identifying the appropriate technical solutions in respect of quality preservation of NPs in terms of storage or processing. However, in addition to intrinsic quality characteristics, such as health and sensory relevant plant compounds, extrinsic properties are also decisive for the quality evaluation by the consumer, and, hence, are crucial for the consumers' purchasing decisions (Schreiner et al., 2013) . Packaging, color, and price (e.g. Akdeniz et al., 2013) or, in a wider-ranging definition, marketing instruments, such as distribution, communication policies, and advertising (Richardson et al., 1994; Scharf et al., 2012) , determine the overall market success. Therefore, there is an urgent need to also develop such market strategies for NPs as new products and new demands (Padulosi et al., 2013) associated with a previous identification of potential consumer groups or types are created (Koolman, 2014a) . Thus, one strategy is that retailers offer recipes and sometimes even video tutorials on how to prepare the recommended NP. Notably, retailers are more successful when they submit a pallet of products and team up with Fair Trade or organic initiatives (Eissing et al., 2008) , such as Baobab Social Business GmbH for baobab products (oil, powder, and sweets) or Marula Natural Products Trust for marula products (fruit pulp, and essential and edible oil). Whatever marketing approach is chosen, it has to be tailor-made to the NP and to the expected customer preferences and demands.
Consumer
To promote the consumption of NPs, the consumer is a very crucial stakeholder within the food supply chain. The consumer preferences and demands ultimately determine which fruit or vegetable will be purchased, and, hence, which horticultural or agricultural produce will be established in the market (Schreiner et al., 2013) . Moreover, consumer preferences are also greatly influenced by social-political changes and are therefore very dynamic (Karmasin, 2007) . However, despite the highly nutritious properties of NPs, these plants can be negatively perceived and attitudes to local and traditional food can be associated as food for the poor, thereby leading to rejection from the consumer (Fanzo et al., 2013) . One strategy to promote NP consumption is to market them as innovative products. However, according to Rogers (2003) , only certain groups of consumers namely the innovators and early adopters will be open-minded, and, thus, firstly purchase the "new" rediscovered products. The majority of consumers will be hesitant in consuming NPs due to the lack of information about these fruits and vegetables and also having cultural diet barriers. Currently, little is known about these species such as where they come from, how they taste, how to process the plants, recipes, the nutritional values, health-promoting effects, and so on. Furthermore, some neglected fruits and vegetables have an extraordinary morphology or appearance, or the product presentation at the point of sale is unprofessional, further leading to product rejection. Thus, impersonal public relation and marketing methods, e.g. advertising and media stories spreading information about these product innovations, are necessary since consumer acceptance will increase (Robinson, 2009) . Collectively, these marketing tool and strategies should promote the key message that dietary diversity by these rediscovered NPs is a crucial element for the consumer's health status.
Strategies to bring neglected plants out of their niche role
To develop strategies for the promotion of NPs, barriers against mainstreaming these plants have to be first identified and then analyzed. These barriers are mainly attributed to (1) poor economic competitiveness of NPs compared to staple crops; (2) inefficiency in producing, storing, and processing of NPs; (3) the lack of sound baseline data of the nutritional and protective properties of NPs; (4) disorganized or nonexisting food supply chains; and (5) negative associations with poor rural lifestyle and low social status (e.g. Chweya et al., 1999; Fanzo et al., 2013) . In addition, to better ensure the food supply chain, the most decisive action fields, namely information and communication, technology, as well as trade and regulatory barriers have to be developed and implemented (Figure 2 ).
Information and communication
Improving the management of information and communication is a mandatory requirement for enhancing the consumption of NPs. From a societal point of view, it is important to convince stakeholders and decision-makers, i.e. persons in charge of public welfare as well as prestigious individuals, to actively advertise these products in public. However, not only the NPs itself should be advertised, but also showing the preparation of food from raw plant material in television, social media, or public cooking courses could reduce prejudices and fears toward food security and nutritional quality. The advertisement of NPs in general and their products in particular is often based on information about the history of the plant, along with regional and botanical information, as well as their benefits for the consumer. It has to be underlined that to successfully market NPs, the key message to convey is how the consumers or various potential target groups benefit from specific NPs. To achieve this marketing goal, specially tailored advertising for the different NPs is required (Koolman, 2014b) .
Moreover, these campaigns emphasize the consumer's self-awareness of what one eats and how (traditional) food has to be prepared to contribute to a healthy diet. The reintroduction of traditional crops and enhanced identification with traditional values can be supported by the revival of cultural elements, e.g. the "Cassava Song," which was written in the 1980s by Flora Nwapa (1986) , Nigeria's first female novelist in modern time. The "Cassava Song" is a protest against the import of the staple crop rice and a plea to remain with the traditional African cassava crop. Finally, to better promote the consumption of NPs, especially with a view to attracting more young consumers, digital media should be increasingly used such as Facebook, Twitter, YouTube, or Instagram.
In addition to these societal aspects, policy-supported extension services (e.g. governmental health initiatives, and governmental campaigns to support and expand extension services to local farmers) should also be launched since health centers and diet-related health education are of central importance to any nation. Educating people on what a healthy diet is and how to eat healthily in their daily routine as well as which local plants can be used may also help to strengthen a community's consciousness for their indigenous foods as well as for their own traditional diet. Further, educating consumers to consume indigenous plants in their daily diet, whether home-cooked or industrially processed, would generally raise their well-being in terms of health and finances.
Often the ecological and technological knowledge about NPs is lost or only limited information is available for smallholder farmers who mainly grow these neglected crops. Thus, training courses for local farmers, extension workers, and members of households for obtaining pertaining knowledge and skills necessary for production and household preparation of NPs should be conducted. Such training courses should include crop management, selecting varieties, and developing new products (Padulosi et al., 2013) . Moreover, in-depth high-level training on the benefits of traditional fruits and vegetables with a focus on NPs should be provided by partners from universities, private (seed) companies, and possibly NGOs from project countries. Another option is practical and module-based trainer-of-trainer programs using seed kits, in which NPs are incorporated. This training will help farmers to establish their own garden and to produce good harvests of nutritious fruits and vegetables. Farmers will not adopt NPs unless an (strong) element of awareness is present among consumers, which also includes the farmers themselves. Finally, the organoleptic aspect also needs to be addressed as part of the training courses since the acceptance of fruits and vegetables with enhanced nutritional value will also depend on an acceptable taste and texture.
Technology
To improve the utilization of NPs they have to be characterized in respect to their properties, their cultivation requirements, and their processing applicability (Padulosi et al., 2013) . Commonly, as NPs are mainly cultivated on small-scale local smallholder farms, they are produced, stored, and processed manually using simple traditional techniques that are both time-consuming and labor-intensive (Eissing & Amend, 2008) .
Although NPs have a comparable lower yield, they are characterized by yield stability, low nutrient and water demand, and are also adapted to local pests. Collectively, these factors enable low-cost production of these crops (Thies, 2000) . However, for new crops to compete with the already established ones, it is necessary to improve cultivation techniques, e.g. fertilizer use, adapted cropping systems, or natural pest treatments, as well as to use selected varieties or suitable seed storage bins (Padulosi et al., 2013) . This was demonstrated in the Slow Food Project "1000 gardens in Africa" (Padulosi et al., 2013) and also shown in an Indian study by Ravi et al. (2010) , where traditional millet cultivation resulted in a loss to several farmers due to low yield; however, advanced techniques resulted in a 60% yield increase.
After harvesting, simple storage methods, such as shading products or charcoal cooler storage facilities, are used. However, for improving the NP's shelf-life, alternative energy-saving techniques, such as on-farm evaporative coolers and appropriate modified atmosphere packaging, should be explored (Liberty et al., 2013; Yumbya et al., 2014) . Several local preservation methods, e.g. blanching, air-drying, solar-drying, and fermentation, are already traditionally established (Muchoki et al., 2010; Nguni et al., 2007) . However, these methods can cause dramatic nutritional loss as well as microbiological contamination (Onyang, 2008) . Thus, to obtain nutritious products, value-adding processing should be developed. One example is millet-based malt, which has the advantages of increased iron bioavailability and enriched vitamins and calcium (Ravi et al., 2010) .
These adapted technologies to promote the local market for NPs are in strong contrast to the technologies necessary for establishing international value chains requiring state-of-the-art pre-and post-harvest technologies. However, in respect to the potentially differing consumer preferences in the international markets, the product design, and, hence, the processing and packaging style of NPs have to be developed to satisfy consumer demands (Koolman, 2014b) . A pilot study with various NPs in Syria revealed that the nonappropriate taste, appearance, and packaging were the main constraints to reaching the international markets (Giuliani et al., 2005) .
Trade and regulatory barriers
NPs can contribute to livelihood improvement of smallholder farmers in different communities (Meaza et al., 2015) . However, their integration into production systems and different markets is a prerequisite (Wezel et al., 2016) . To bring NPs into regional, national, and international markets, one has to overcome different trade and regulatory barriers. This will require the involvement of numerous and various stakeholders, who need to facilitate the marketing of these NPs through collaborative actions, e.g. creating regional networks of smallholder producers or partnerships between different actors along the value chain to enhance post-harvest handling and marketing (Latynskiy et al., 2016; Lowitt et al., 2015) . One of the main topics when talking about trade barriers is country borders that are linked to different law systems, traditions, and expectations of the consumers. The provision of certification standards based on an internal control system will contribute to breakdown of such barriers (Preissel et al., 2010) . A step forward would be to strengthen efforts toward bringing NPs to the WTO agriculture agreement list and then to set standards for phytosanitary problems and trade conditions themselves to support the marketing of NPs. However, endangered plants cannot be sold. While making efforts to bring NPs out of their niche, all actors should also consider the fact that quite a number of these NPs may fall under endangered species and should be protected according to the "Convention on International Trade in Endangered Species of Wild Fauna and Flora." Overexploitation of such species due to market opportunities should be prevented to avoid biodiversity loss.
The trading documents for the new fresh or processed plant products should have precise labeling to simplify identification of the plant and to enhance traceability of the products by the consumers. Consequently, import and export bans should be reduced. The procedures for clearing import/export duties and for acquiring import/export certificates should be simplified and made easily accessible to the traders to grant fast export of the fresh plant materials that otherwise might perish. Therefore, the Ministries of Agriculture and the Ministries of Health of exporting and importing countries should collaborate to provide information on standards regarding product quality, phytosanitary, hygiene, and food safety. Of note is that limitations due to regulations, such as the Novel Food regulation (EU), and solutions, such as a notification procedure, should be available to traders. To effectively bridge these trade barriers, however, there needs to be a practical will to face barriers and find solutions from all stakeholders. All partners need to agree to commitments to strengthen the trade of NPs. This agreement should also extend to policy-makers and government agents through lobbying to support smallholder farmers, who will benefit from the marketing of NPs (Aju et al., 2013) .
Recommendations
To maximize the potential of NPs, coordinated approaches on the local, regional, and international level have to be implemented, which ultimately requires a multi-stakeholder approach. This attempt has to be done under the umbrella of the global Sustainable Development Goals, especially in respect to Goal 2 claiming the abolishment of hunger, and has to consider the sustainable establishment of supply chains, particularly for NPs and their products, as well as the sustainable livelihood improvement of the local population. Successful models for launching NPs into local, regional, and international markets are to be seen for the new superfoods such as maca roots and supplements (http://maca rootreview.com), quinoa and their grain products, powdered baobab fruits (Bioversity International, 2014) , and moringa products (www.kulikulifoods.com). There are also positive examples of newly launched food products in Europe. Rocket, formerly a niche product, is now available throughout European supermarkets and discounters. Thus, to maintain biodiversity for further successful development and launching of additional food products, germplasm preservation has to be taken into consideration.
Mostly the attractiveness of these NP products is based on their numerous health benefits attributable to their nutritious compounds. However, consequently, as a result of the diverse attitudes and preferences of the various consumer groups, the products for local markets distinctly differ from products for the US or European market (Koolman, 2014b) . Adjusting supply chains for NPs to consumer demands has to be complemented by appropriate technical solutions along the entire chain. Moreover, to achieve a sustainable livelihood for local smallholder farmers and households (as demanded by the Sustainable Development Goals), this supply chain development has to be embedded in both a local and international business development concept that encompasses areas of action for information and communication, technology, as well as trade and regulatory barriers. The participants of the Potsdam Summer School of International Nutrition in October 2015, representing not necessarily a representative panel but nevertheless symbolizing a particular voice of a range of developing countries, strongly agree with the recommendations of several organizations and associations (e.g. Bioversity International, Food and Agriculture Organization of the United Nations (FAO), Deutsche Gesellschaft f€ ur Internationale Zusammenarbeit (GIZ), International Fund for Agricultural Development (IFAD), Technical Centre for Agricultural and Rural Cooperation (CTA), and Crops for the Future) aiming at integrating NPs on the agenda of (inter)national research, agribusiness, and political programs.
